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® FINE FLAKY GRAPHITE PARTICLES AND PROCESS FOR THEIR PRODUCTION. 



(0 

'*^® The invention relates to a process for producing ductivities. 

graphite particles to be used widely as highly func- 
Stional graphite material, which comprises applying 

ultrasonic waves to a liquid containing dispersed 
® therein expanded graphite particles to thereby pro- 
(l,duce fine flalcy graphite particles with a high aspect 
lU ratio and well-developed amsotropy without forming 

secondary particles. Moldings of the obtained grap^i- 

ite oarticles show hioh electric and thermal con- 
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I 

SPECIFICATION 
FOLIATED FINE GRAPHITE PARTICLES 
AND METHOD FOR PREPARING SAME 
Technical Field 
This invention relates to foliated fine graphite particles 
which have a high aspect ratio and hence well-developed anisotropy 
and can be used as a highly functional graphite material in wide 
applications, as well as a method for preparing the same. 

Background Art 

Graphite materials have excellent properties such as electrical 
conductivity, lubricity, corrosion resistance and heat resistance, 
and are being used in wide applications requiring electrically 
conductive, heat-resistant and/or corrosion-resistant materials. 
In these applications, graphite materials are usually used in 
the form of molded articles consisting of graphite alone or 
a combination of graphite and other materials. Among others, 
graphite powder occupies an important position as a material for 
the formation of such molded articles and as a solid lubricant. 

Graphite powder for use in these applications, especially when 
incorporated into rubber and synthetic resins to impart thereto 
functional properties such as electrical conductivity and thermal 
conductivity, should preferably comprise fine particles having 
a high aspect ratio because they can be uniformly dispersed so 
as to have many mutual contacts. 

In the prior art, graphite powder has usually been prepared by 
a wet or dry grinding method for mechanically reducing natural 
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or synthetic graphite to powder. However, these ■ grinding methods 
for preparing graphite powder involve several problems. Specifically, 
it is difficult to reduce graphite to fine particles because the 
crystallinity of graphite is so developed that slip occurs between 
graphite crystal layer planes. Even if the grinding power is 
increased or the grinding time is prolonged, fine particle having 
a uniform shape cannot be obtained and, rather, the grinding 
efficiency is reduced. On the other hand, where graphite powder is 
prepared by grinding expanded graphite obtained, for example, by 
heat treatment of intercalated graphite, it has been difficult to- 
reduce expanded graphite to fine particles according to common 
grinding methods* using direct mechanical loads or impacts effected by 
a mortar with a pestle, a grinder or the like. Specifically, the 
crystal layer planes of expanded graphite tend to become oriented 
perpendicularly to the direction of the loads or impacts, resulting 
in the formation of thin films. Moreover, expanded graphite 
particles are so soft that they are easily squashed and pressed 
into a plate-like mass. Furthermore, expanded graphite particles 
having a bulk density of 0.003 to 0.006 g/cra? are so bulky 
and light that they tend to scatter. during the grinding process. 
In order to solve these problems, Japanese Patent Laid-Open 
No. 127612/'86 discloses a method for preparing an electrically 
conductive graphite material wherein expanded graphite is ground 
while the interstices thereof are impregnated with a liquid or, 
in addition, the liquid is frozen. This method can solve the 
problem of particle scatterting, but still involves several 
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problems to be solved. Specifically, since this method is based 
on grinding by direct mechanical impact forces, it is desirable 
to impregnate the interstices of expanded graphite completely 
with a liquid, and additional operation therefor is required. 
Moreover, this method produces considerable noises and vibrations 
associated with ordinary mechanical grinding. Furthermore, although 
the expanded graphite is impregnated with a liquid, it is difficult 
to grind it uniformly. Thus, the resulting particles are not 
uniform in shape and excessively ground particles tend to cohere 
or form lumps. 

In short, it has been difficult to prepare fine graphite particles 
having uni formly, distributed small sizes and high aspect ratios, 
according to prior. art grinding methods. Thus, fine graphite 
particles having such a shape has been unknown in the prior art. 

Disclosure of the Invention 

In order to solve the above-described problems of the prior 
art, the present invention provides uniform foliated fine graphite 
particles having a small diameter and a high aspect ratio, and 
an excellent method for preparing them easily. 

The method of the present invention comprises the steps of 
dispersing expanded graphite particles into a liquid and 
comminuting the graphite particles by exposure to ultrasonic 
waves in the liquid. This method makes it possible to prepare 
uniform foliated fine graphite particles having a small diameter 
and a high aspect ratio. More specifically, the method of 
the present invention involves dispersing expanded graphite. 
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particles into a liquid, which causes the liquid serving as 
a disintegration medium to be present on the outside and inside of 
the particles. As a result, the walls constituting the particles 
are subjected to ultrasonic vibrations and the impact of cavitation 
caused thereby, from the inside and outside of the particles, so 
that the walls are destroyed to reduce the particles to a finer size, 
Thus, the expanded graphite particles are directly dispersed into 
the liquid without requiring any special operation for impregrating 
the interstices present in the structure of the particles with 
the liquid, and they are comminuted while being allowed to stand, 
in the liquid. According to this method, foiaited fine graphite 
particles having a thickness of 1 )im or less, a diamter of 1 to 
100 p», and an average aspect ratio ranging from several hundreds 
to several thousands can be prepared with ease. 

The present invention brings about the following effects. 

(1) Since expanded graphite particles are comminuted while 
being allowed to stand in a liquid, there is no environmental 
pollution due to scattering of powder. Moreover, since the 
particles can be handled in the form of a dispersion, they 

are easier to handle than powder. If necessary, dry powder can 
readily be obtained by drying techniques such as evaporation under 
reduced pressure, and spray drying. 

(2) Since disintegrating forces are transmitted through the 
liquid present on the inside and outside of the expanded graphite 
particles, relatively uniform particles can be obtained without 
any risk of being pressed together to form secondary particles. 
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even if an excessive degree of comminution is effected owing 
to a prolonged treating time or an unduly high power output of 
the ultrasonic waves. 

(3) Since the disintegration medium is a liquid and no 
mechanical impact force is used, no vibrations or noises 
associated with prior art grinding methods are produced. 
Moreover, great safety is secured because a part or device 
for giving mechanical impacts, such as a hammer or a mortar, 
is not required, 

(4) The foliated fine graphite particles thus obtained are 
highly crystalline fine graphite particles having a high aspect 
ratio, showing no tendency to cohere, and being uniform in shape. 
Thus, they are useful as a material having excellent properties 
such as high electrical conductivity and thermal conductivity. 

Best Mode for Carrying Out the Invention 
The present invention is more specifically described 
hereinbelow. 

In the present invention, expanded graphite particles having 
a well-developed honeycomb structure along the graphite crystal 
layer planes are used as the starting material. Although no 
particular limitation is placed on the method of making such expanded 
graphite particles, this can be done, for example, by the per se 
known method which comprises treating graphite particles (such as 
particles of natural flake graphite, kish graphite or highly 
crystalline pyrolytic graphite) with a mixture of sulfuric acid 
and nitric acid to form intercalated graphite and then expanding 
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it by heat treatment. It is preferable to use expanded graphite 

particles having a rate of expansion of 50 or greater. The 

bulk specific gravity of the expanded graphite particles used 

may vary according to the method of making them and the manner 

of storage, transportation or handling thereof. However, 

judging from the ease of permeation of liquids and the ease 

of comminution, the expanded graphite particles should preferably 

have a bulk density of 0.01 g/cm^ or less and more 

3 , 

preferably 0.008 g/cm or less. 

First of all, the e.xpanded graphite particles are dispersed 
into a liquid. On this occasion, no particular pretreatment for 
impregnating the honeycomb structure with the liquid is needed. 

The liquid used in the present invention should be one which 
permits effective comminution of the graphite particles. More 
specifically, it is preferable to use a liquid which serves as 
a medium causing heavy cavitation under the action of ultrasonic 
waves or highly transmissive of ultrasonic waves, has low 
viscosity, surface tension and specific gravity, and exhibits 
good wetting properties for expanded graphite particles (e.g., 
high lipophilicity) so as to permeate into the particles easily. 
Preferred examples of the liquid include ketones such as acetone 
and methyl ethyl ketone; alcohols such as methanol, ethanol, 
propanol and butanol ; and aromatic hydrocarbons such as benzene 
and toluene. It is to be understood, however, that the liquids 
usable in the present invention are not limited thereto and 
the method of the present invention can also be carried out by 
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usi„. „ate., ror exa„pu. Such U,ui.3 ... .e usea alone o. 
in a..Xx.u„ Of .„o o. .o.e. I. „eces3a.„ surface active 
a«nta and th, like .ay be added thereto. 

Although the amount of 

ount of liquid used may vary according to 

t^e o, the expanded „aphUe particle,, th. properties 
Of the ll,uld. and the a«l„lt. o, the U<,.ld ,or «panded „aphUe 
co^inutlon can he ejected h. .In. the ll,.ld m an a.oun 
eno„.h to 3oak the expanded .raphlte partlclea therein. HoJer 
.u.«.n. ,ro. the eaae o. co.ln.tlon, It . pre.rahle to .e 
e U,uld in rather lar.e amounts . .Ithou.h the actual amount 
U,uid used he suitahl. determined according to th. 
operating conditions tu^ i- . 

tions, the liquid is usually used in an amount 
equal to about 1 s mn ^. 

ut 1.5 to 100 txaes the volun,, of the expanded 
graphite particles. 

int!"hT T """" """" """"^ - -"^'^ 

c the afore^aid U,uld, the resulting mixture Is subjected to 
[ ~ vlhratlons. Thus, according to the fre<,uenc. of the 
.U..sonlc vibrations, condensed and rarefied re,lons are produced 
n the .nterlor of the expanded „aphlte particles and In the 
Ixquid around them, which leads to th. 

'° occurrence of the so-called 

cavitation m which minute cavities ar. f 

cavities are formed and collapsed 

-Peatedl.. „ such cavitation la caused to occur under specific 
conditions, the impact of Instantaneous pressure caused h. the 

collapse of c:av^^^^^ ^ 

oavxties successively aestro. the thin graphitic 

" """itutin. ho„e.vco„h structure of the e.,panded 

.^aphite part.cies, resulting i„ ..eir reduction to foliated 
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fine particles. The frequency of the ultrasonic waves used for 
this purpose is not critical, and frequencies of about 28 to 50 kHz 
as commonly used in ultrasonic cleaners and the like will serve 
satisfactorily. However, the actual frequency may be determined 
according to the type of liquid used, the type of expanded graphite 
particles used, and the like. As the power output of the 
ultrasonic waves is increased, the comminution time becomes shorter 
and the resulting particles tend to become finer. Accordingly, 
the size distribution and shape of the resulting particles can be 
controlled by varying the power output and the treating time. ■ 
The ultrasonic treatment can be carried out under atmospheric 
or super-atmospheric pressure. The treating temperature is not 
critical, so long as it is lower than the boiling point of the 
liquid. Although the duration of the ultrasonic treatment may 
vary according to the quality of the starting material (expanded 
graphite particles), the treating conditions, the desired particle 
size of graphite powder, and the like, it usually ranges from 
about 10 minutes to about 6 hours. 

The above-described ultrasonic treatment makes it possible to 
comminute the expanded graphite particles and thereby produce 
foliated fine graphite particles characterized in that more than 
90% of the particles have a thickness of 1 )im or less, a diameter 
within the range of 1 to 100 yua, and an average aspect ratio 
ranging from several hundreds to several thousands. Moreover, 
there is no risk of the fine particles cohering again to form 
secondary particles, as encountered in grinding by mechanical 
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ioads or impacts. The above-described operating conditions, 
such as the type of liquid used, the frequency and power output 
of the ultrasonic waves, and the treating time, may be suitably 
determined according to the desired diameter, shape, size 
distribution and other characteristics of foliated fine graphite 
particles . 

After completion of the ultrasonic treatment, the resulting 
dispersion of foliated fine graphite particles may be used as 
such or in the form of a concentrate obtained by removing the 
liquid to an appropriate degree. Alternatively, by removing 
the liquid completely according to common drying techniques 
such as vacuum drying, hot-air drying and spray drying, the 
foliated fine graphite particles can also be used in the form 
of dry powder. 

As described above, the foliated fine graphite particles 
obtained by the method of the present invention have a high 
aspect ratio, show no tendency to cohere, and are uniform in shape, 
and articles molded of these particles have marked anisotropy 
and high electrical conductivity. Owing to such excellent 
characteristics, these foliated fine graphite particles can be 
used in a wide variety of applications. Among others, particles 
having a thickness of 1 ^m or less and a diameter of 1 to 70 
exhibit good dispersibiiity as evidenced by slow sedimentation 
of the particles in a dispersion. Moreover, they also have good 
compatibility with highLy viscous materials, so that they can be 
advantagenously used for incorporation into paints, rubber, plastics 
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and the like.- When freed of liquid, these foliated fine graphite 
particles take the form of an easily handleable powder and are 
hence suitable for use in wide applications, for example, as 
an additive for various molded articles and composite materials. 

Owing to their unique shape, these foliated fine graphite 
particles exhibit marked anisotropy with respect to electrical 
conductivity. Especially when a load is applied to these particles, 
they are oriented to produce high electrical conductivity in 
a direction perpendicular to that of the load. Accordingly, 
these particles can be suitably used for the purpose of 
imparting electrical conductivity. 

The foliated fine graphite particles obtained by the method of 
the present invention have a higher aspect ratio than graphite 
particles obtained by prior art methods. Accordingly, when used 
as an electrically conductive filler for imparting electrical 
conductivity to resins, rubber, ceramics and the like, the foliated 
fine graphite particles give a greater number of particles and 
a greater combined length of particles, as compared with the same 
weight of conventional graphite powder. Thus, the foliated fine 
graphite particles, when dispersed in a matrix, have more 
mutual contacts and are hence more effective in imparting electrical 
conductivity . 

The present invention is further illustrated by the following 
examples. In these examples, bulk densities were 
determined by filling a 10-ml measuring cylinder with a sample, 
tapping the cylinder against a rubber piate until the top surface 
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of the sample substantially ceased to fall, and calculating 
the bulk specific gravity of the sample on the basis of the 
measured volume thereof. 

Examples 

Example 1 

Natural flake graphite produced in China was treated with 

a mixture of 9 parts by weight of sulfuric acid and 1 part by 

weight of nitric acid to form intercalated graphite. This 

intercalated graphite was heat-treated at 800* C for 10 minutes 

in an atmosphere of nitrogen to obtain expanded graphite particle 

having a bulk density of 0.004 g/cm . Then, 1 g of the 
« 

expanded graphite particles were mixed with and soaked in 400 g 
of acetone and exposed to ultrasonic waves having a frequency 
of 28 kHz and a power output of 150 W for 2 hours. The 
resulting dispersion of fine graphite particles was freed of 
acetone by evaporation under reduced pressure, and then dried 
in a drying oven at 110*C for 1 hour to obtain about 1 g of 
graphite powder. This graphite powder consisted of 

foliated graphite particles having a bulk density 
of 0.04 g/cm^, a thickness of 0.1 ^m or less, and a diameter of 
1 to 60 jim, and more than 95% of the particles had an aspect 
ratio of 400 to 7,000. The carbon content of this powder was 
99.02%. When its crystal structure was analyzed by X-ray 
dif f ractometry , it was found that this powder had a nearly 
ideal hexagonal graphite crystal structure as shown in Table 1. 
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Table 1 



Crystal structure analyzed by X-r ay di f f ractometry 

(according to the procedure proposed by the No. 117 
Committee of the Japan Society for the Promotion 
of Science) 



Index of plane 
(hkl) 


Lattice constant 
(A) 


Lattice spacing, 
d (A) 


Crystallite , 
L (k) 


002 * 


C = 6.70 
o 


3.35 


690 


004 


C = 6.70 
o 


3.35 




110 


a =2.46 
o 


1 .23 




Hexagonal 
graphite (for 
reference) 


C = 6.708, = 2.461 
o o 



« Direction of lamination (Standard substance, o^; 

Example 2 

Natural flake graphite produced in China was treated with 
a mixture of 11 parts by weight of sulfuric acid and 1 part by 
weight of nitric acid to form intercalated graphite. This 
intercalated graphite was rapidly heated to 800- C in an atmosphere 
of nitrogen and held at that temperature for 30 minutes to 
obtain expanded graphite particles having a bulk density 
of 0.003 g/cm^ Then. 0.1 g of the expanded graphite particles were 
dispersed into 50 ml of each of the liquids shown in Table 2 and 
comminuted by exposing them to ultrasonic waves having a frequency 
of 50 kHz and a power output of 600 W for 2 hours. When the 
comminuted particles were examined by means of a scanning 
electron microscope, it was found that they had been reduced to 
foliated particles having a thickness of 1 um or less and 



EP 0 381 761 A1 



-13- 



a diameter within the range shown in Table 2, and more than 
90% of the particles had an aspect ratio of 400 to 6,500. 

Table 2 





No. 1 


No. 2 


No. 3 


No. 4 


No. 5 


Liquid 


Acetone 


Benzene 


Methanol 


Ethanol 


Water 


Particle di- 
ameter (pm) 


10-30 


20-60 


10-30 


10-30 


20-60 



Comparative Example 1 

0,1 g of the same expanded graphite particles as used in 
Example 2 were dispersed into 100 ml of acetone or water, and 
the resulting dispersion was treated in a mixer type pulverizer. 
When the pulverized particles were examined by means of a scanning 
electron microscope, the, diameters of these particles were 
considerably larger than those obtained by ultrasonic comminution 
in accordance with the present invention, a;s can be seen from 
Table 3, Moreover, the particles showed wide variations in shape 
and some of them were found to be laminated into a thickened state 
or pressed into lumps* It was impossible to reduce these particles 
to a smaller size by extending the treating time further. 
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Table 3 





Liquid 


Treating time 
(hr) 


Particle diameter 
(}im) 


No. 1 


Acetone 


0.5 


>200 


No. 2 


tt 


1.0 


50-150 


No. 3 


It 


2.0 


50-150 


No. 4 


It 


5.0 


50-150 


No. 5 


Water 


2.0 


>200 



Example 3 

Powder sample A having an average particle diameter of 20 ^m 
and an aspect Vatio of 100 to 5,000 and powder sampale B having 
an average particle diameter of 40 jim and an aspect ratio of 
100 to 7,000 were produced by repeating the procedure of Example I, 
except that the comminution time was altered. Then, molded pieces 
were made by applying a predetermined load to these powder samples. 
Using these molded pieces, specimens measuring 15 mm (width) 
X 2 mm (thickness) x 50 mm (length) were prepared and tested 
for volume resistivity. The results thus obtained are shown 
in Table 4. 

For purposes of comparison, commercially available graphite 
powders C and D were tested in the same manner as described above, 
and the results thus obtained are also shown in Table 4. It can 
be seen that the foliated graphite powders obtained by the method 
of the present invention exhibited high electrical conductivity, 
especially in a direction perpendicular to that of the load. 
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Table 4 



Sample 


Foliated graphite 

powders of the 
present invention 


Prior art 
graphite 
powders 


A 


B 


C 


D 


Average particle diameter 


20 


40 


2.5 


7 


Aspect ratio 


100- 
5,000 


100- 
7,000 


25- 
250 


70- 
700 


2 

Applied pressure (kgf/cm ) 


6.0 


500 


6.0 


6.0 


6.0 


Volume 
resis- 
tivity 
(^•cm) 


Direction of 
load ( jJj. ) 


2.70 


11.4 


4.16 


3.42 


2.50 


Perpendicular 
direction ( ^// ) 


7.58 
xlO"'* 


5. 18 
xlO"* 


7.51 
xlO"'* 


1 .00 
xlO'^ 


■2.01 
xlO"^ [ 


fi. / f // 


3.56 
xlO^ 


2. 19 
4 

xlO^ 


5.54 
xlO^ 


3.42 

xlO^ 


1.24 j 
xl02 ! 



Example 4 

Each of graphite powders A, C and D tested in Example 3 was 
added to and mixed with a two-pack type silicone rubber (KE-12; 
a product of Shin'estsu Silicone Co.). This mixture was press-molded 
and cured to obtain a molded piece, which was tested for electrical 
conductivity. More specifically, a specimen measuring 5 mm x 15 ram 
X 50 mm was prepared and its electrical conductivity was measured 
with a voltmeter having a measuring range of 0.01 to 12 V and 
an ammeter having a detection limit of 0.01 A. The results thus 
obtained are shown in Table 5. The foliated graphite powder of 
the present invention exhibited high electrical conductivity at 
a content of 7%, whereas the commercially available prior art 
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graphite powders exhibited no electrical conductivity. 

Table 5 
(Measuring voltage: 12 V) 



Graphite 

powder 

used 


Type 


A 


C 


D 


Bulk density (g/cm ) 


0.015 


0.225 


0.256 


Content (5 
of graphil 
parts by v 


i) [= parts by weight 
:e powder per 100 
weight of matrix] 


7 


7 


7 


Volume resistivity of molded 
rubber piece (ii-cm) 


3.4 


No con- 
duction 


No con- 
duction 



Exploitability in Industry 
The foliatfed fine graphite particles obtained by the method 
of the present invention can be widely used, either in the form of 
a dispersion or powder, as a filler for molded graphite articles su^ 
as electrodes, an additive for imparting electrical conductivity, 
and a solid lubricant. Among others, they are especially suitable 
for use as an additive for paints and resins, an electrically 
conductive material, and an additive for electromagnetic shield 
housings of electronic equipment. 
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CLAIMS 

1. A method for preparing foliated fine graphite particles * 
which comprises the steps of dispersing expanded graphite particles 
into a liquid and comminuting the graphite particles by exposure 

to ultrasonic waves in the liquid. 

2. A method as claimed in claim 1 wherein the expanded graphite 
particles have a rate of expansion of 50 or greater and a bulk 
density of 0.01 g/cm'^ or less. 

3. A method as claimed in claim 1 wherein the liquid is selected 
from the group consisting of water, ketones, alcohols and aromatic 
compounds . 

4. A method as claimed in claim 1 wherein the ultrasonic waves ! 
have a frequency of 28 to 50 kHz. 

5. A method as claimed in claim 1 wherein the comminution step 
is carried out until more than 90% of the particles have a thickness 
of 1 ^m or less, a diameter of 1 to 100 jjm, and an aspect ratio 
ranging from several hundreds to several thousands. 

6. A dispersion of foliated fine graphite particles prepared | 
by dispersing the foliated fine graphite particles obtained by I 
the method of claim 5 into a solvent. ' 

7. A foliated graphite powder comprising the foliated fine ! 
graphite particles obtained by the method of claim 5, ; 
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